Muzzle blast wave in small arms represents special problems for many applications. They may be attributed to supersonic flow of the discharged propellant gases from the barrel muzzle after the projectile departure. Herein, experimental investigation of controlled and uncontrolled blast wave has been carried out under different working and design parameters. Different silencer design theories were carried out, to control the blast wave in both subsonic and supersonic cases, which produced from automatic small arms. The pressure-time history of gases discharging from an automatic rifle 7.62 x 39-mm was measured for different mass of propellants. In addition, recoil force for the rifle without as well as with silencer and the projectile muzzle velocity has been measured. Results showed that, for different mass of propellants in ammunition and suitable design of silencer, the sounds could be reduced by about 90 percent. In addition, silencers reduced recoil energy by about 20 percent. Also, the silencer efficiency increases by decreasing blast wave pressure as well as mass of propellant of ammunition decreasing.
INTRODUCTION
The silencer modifies the weapon firing signature by containing or catching the muzzle blast wave's influence in a box equipped with ports, etc... [1] . Most silencers had been designed empirically [2] . Sound field is interpreted due to two main parameters; the first parameter is owing to effect of pressure wave and pressure difference behind projectile at exit moment, while the second parameter is related to the sound produced by the velocity of the flying projectile. There is no technology which can remove the sound of a supersonic projectile, no matter what claims are made to the contrary. *Egyptian Armed Forces.
The blast wave initially constrains the free-flow expansion until it decouples from the flow fields. Generally, the muzzle flow fields of a weapon exhibit the structure of a supersonic, under expanded jet flow encapsulated by the outer blast wave. Because of the high in-bore gas pressure, the jet flow rapidly exits from the barrel muzzle and, in the early stages, is severely impeded by the blast wave, since the blast and jet flow strongly interact [3, 4] .
Various numerical solutions have been reported in the past decade for different muzzleblast cases [5] [6] [7] [8] . Yet the propagation and decay of the high-pressure waves of muzzle blast depend on the internal flow of gases. Herein, a reliable silencer was designed to control the produced blast wave from automatic small arms. As mentioned before, the overall purpose in the present study is to from experimental work. Finally, conclusions are obtained in the course of the present study.
EXPERIMENTAL WORK AND DISCUSSION
The main objective of experimental work is to determine the silencer performance. The test rig consists of automatic rifle 7.62 x 39 (mm), Blast and Vibration Monitoring, "Nitro Consult" UVS which has been used for measuring and recording the pressure wave of gases in order to clarify the mechanism of the generation of blast wave. In addition to the muzzle velocity measuring device was used for measuring the projectile muzzle velocity and force transducer for measuring recoil force. Schematic views of experimental setup of the instruments are shown in figures (1, 2) . For obtaining good results, many experimental parameters were carried out, to control the blast wave in both subsonic and supersonic cases, which produced from automatic small arms. The construction and dimensions of designed silencer are shown in Fig. (4) . One could be notice that:-
• Silencer has rubber disks and metal dishes for maximum control of blast wave of gases.
• The distributions of nozzles in inner components of silencer would eliminate a great part of gases energy.
• The distributions of nozzles on outer cylinder of silencer would give a good effect in decreasing of rifle recoil. To achieve these requirements, a silencer had been manufactured. The metal used for silencer is aluminium, which is tough and very durable. It takes non-reflective surfaces and holds paint very well. To measure the performance of the silencer for different propellant masses, the ammunition used in different tests was prepared. To realize the above mentioned requirements, the following measurements have been carried out:-a. Projectile Muzzle Velocity. b. Pressure of Blast Wave of Gases.
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FH-09 239 c. Recoil of Rifle Without & With Silencer. d. Silencer Efficiency. All above measurements were carried out in the same time. These iterations have been conducted with experimental work for giving a good investigation of silencer performance as possible.
a. Projectile Muzzle Velocity
Measurement of the projectile muzzle velocity were mainly concerned for different propellant charge masses from ail = 0.8 (gm) up to WlI = 1.8 (gm). For measuring the projectile muzzle velocity, the muzzle measuring velocity was used and it puts at X = 3 [m] from the rifle muzzle. To investigate the effect of the propellant charge mass on the silencer performance, the normal ammunition 7.62 x 39 mm was used. The Variation of projectile muzzle velocity with propellant charge mass is shown in Table 1 . For measuring the pressure wave of gases after the projectile departure from the barrel muzzle, analyzer named Blast and Vibration Monitoring was used. Blast and Vibration Monitoring was put at axial distance from the barrel muzzle (x = 2 (m)) and radial distance (y = 1 (m)) from the barrel muzzle of the rifle, as in Fig. (2) . The results were reported at the instant at which the projectile departure from the barrel muzzle. Figures (5-7) show the pressure -time history measured for the rifle without silencer after projectile departure from the barrel muzzle and mass of propellant, or =1.8 -1.6 (gm). For automatic rifle, equipped with the silencer, after projectile departure from the barrel muzzle and mass of propellant, (o) =1.8 (gm) to W = 1.6 (gm)), the pressure -time history was measured for blast wave of gases, ( figures (8-10) ).
From the instant of firing, the additional action period continues for nearly 10 (ms) until the pressure in the extension part drops to ambient value. The results were showed in figures (5-10):
1-As the projectile leaves the muzzle, the pressure inside the combustion chamber quickly decreases. On the other hand, the pressure at the muzzle exit jumps marking the instant of start of additional action of gases. 2-The instantaneous pressure at the muzzle exit is showing the over pressure of gases in additional action period, caused by the free air blast wave and ground refection. 3-The pressure drop due to using silencer was reached about 90 %. 4-Maximum pressures or peak pressures decreases by decreasing the mass of propellant from w =0.8 (gm) up to w =1.8 (gm).
c. Recoil of Rifle without & with Silencer
Figures (11, 12) show that, peak of recoil forces (without and with muzzle brake) were decreased from 1.0188 [KN] to 849 [N], silencer reduced recoil force by about 20 percent. Integrating the recoil force-time history on the dynamic signal analyzer, the recoil impulse may be calculated as:-
I= fF dt (1) 0
In the same time, recoil velocity of the rifle was computed by applying the recoil impulse-time history in the momentum equation of recoiling parts on the Dynamic Signal Analyzer. In Fig. 13 , one could compare between the recoil velocity-time history for the rifle and rifle equipped with the latest muzzle brake of the third group. Recoil velocity was found to be decreased from 1.32455 (m/s) to 1.06 (m/s). Herein, silencer could reduce recoil velocity by about 20 percent, or it may be as much as muzzle brakes.
d. Silencer Efficiency.
Sound field is interpreted due to two main parameters; the first parameter is owing to effect of pressure wave, while the second parameter is related to the sound produced by the velocity of the flying projectile [9] . There is no technology which can remove the sound of a supersonic projectile, no matter. Then, the silencer efficiency could be represented only by impulse of gases. The silencer performance could be obtained by dividing the difference of the intensity of gases without and with silencer on the intensity of gases without silencer as follows:-JO = (lo -Is) / lo (2)
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where I = p2 / (p.c) (4) p and ps are the pressure of blast wave of gases without and with silencer consequently, p is the gases density and c is the speed of sound in air. When applied the experimental results in equation [3] , it could be noticed that, by decreasing the value of pressure of blast wave of gases, when using silencer, the silencer efficiency increases. The pressure of gases and projectile muzzle velocity are decreased by decreasing mass of propellant from w =1.8 (gm) to w =0.8 (gm).
CONCLUSIONS
After firing and projectile departure from the barrel muzzle, the blast waves or pressure waves are produced by the rapid discharging of gases to air. Silencers did not have any notable adverse effect on shooting accuracy. Silencers hide the muzzle flash and effectively prevent the movement of foliage, grass or twigs and puffs of sand. An experimental work was carried out to get new insight on silencer performance. Experimental investigation of controlled and uncontrolled blast wave has been carried out under different working and design parameters. In this work, for obtaining good results, reliable silencer was designed to control the blast wave in both subsonic and supersonic cases, which produced from automatic small arms.
The reliable silencer was involved, in distributions of nozzles in both inner components of silencer, eliminate a great part of gases energy and on outer cylinder of silencer have a good effect in decreasing of rifle recoil. In addition, for maximum control of blast wave of gases rubber disks and metal dishes were put in manufactured silencer.
Results showed that, for different mass of propellants in ammunition and suitable design of silencer, the sounds could be reduced by about 90 percent by means of designed silencer. In addition, Silencers reduced recoil energy by about 20 percent, as much as muzzle brakes. The silencer efficiency increases by decreasing blast wave pressure or mass of propellant of ammunition. 
